In this letter, we address a novel mechanism for iron based superconductors. We study F 2+ state of iron with six 3d electrons. Five of them are localized with ferromagnetic order, while the sixth one is itinerant antiparallel with the localized ones. We consider spin-fermion model of 3d electrons and show that one can fix the parameters in the theory so that the calculated magnetization to match the experimentally measured one. With these parameters in mind we show that the sixth 3d electrons have well defined Fermi surfaces, therefore the material is metal.
The objective of the study of ferromagnetic metals (iron, cobalt, nickel) is to explain the coexistence of magnetic order and conductivity in these materials. At the heart of this phenomenon lies the fact that part of the electrons in the system are localized while others are itinerant. The theory of the magnetism of localized electrons is well described by means of Heisenberg model, while the theory of itinerant electron magnetism is still under debate. The origin of spin polarization of itinerant electrons is studied by Stoner [1] . His theory of itinerant electron magnetism, based on spin-polarized band theory, describes the magnetic ground state in metals but fails to calculate the Curie temperature. This disadvantage was overcome by Moriya [2] who developed a theory of spin fluctuations in itinerant electron systems.
The first theory of ferromagnetic metals, with account for itinerant and localized electrons, is presented by Vonsovsky [3] . The main idea is that s-electrons in the system are responsible for conductivity while d-electrons for the magnetism (s-d model). On more rigorous way the magnetic metals are discussed by T. Kasuya [4] . He showed, that both ferro-and antiferromagnetism are possible.
An important advancement in the theory of ferromagnetic metals are the principles formulated by Zener. The third Zener's principle [5] is that the spin of an incomplete d shell is strongly coupled to the spin of the conduction electrons. This coupling tends to align the spins of the incomplete d shells in a ferromagnetic manner. Guided by the Zener's principle one can formulate the theory of ferromagnetic metal in terms of d electrons only. To match the experimental results for saturation magnetization in units of µ B per lattice site M = 2.217, one has to consider a model with six d electrons. Five of them are localized and parallel oriented while the sixth one, in accordance with Pauli principle, is antiparallel aligned with respect to localized electrons. If the sixth electron is localized too, the magnetization per lattice site is 2µ B . To resolve this shortcoming Zener proposed that the average number of the sixth electrons is less than one per atom. This means that ferromagnetic iron is multivalent (F 2+ − F 3+ ). The fact that major portion of the F e moment is localized comes from neutron scattering experiments [6] , and the specific-heat measurements [7] .
In the present paper we consider spin-fermion model of ferromagnetism and conductivity of F e 2+ iron. The five localized electrons are described by spin s = 5/2 spin operators, while the sixth electrons are fermions. The spin-fermion exchange is antiferromagnetic. To explain the magnetism and conductivity of the iron we invoke the Mott theory of insulator-metal transition [8] . It states that if the kinetic energy of the electron is high enough compare with Coulomb repulsion, doubly occupied states can be realized and respectively empty states. Then the hopping of the electrons realizes the electric transport and the material is metal. At the same time the doubly occupied and empty states are spin singlets, so that their existence effectively decreases the value of the magnetic moment of the system. One can fix the parameters of fermion model so that the total magnetic moment per atom in units of Bohr magneton to match the experimental measurement.
To explore more precisely the impact of the spin fluctuations in ferromagnetic metals one maps the itinerant electron system onto an effective Heisenberg model with classical spins [9] [10] [11] [12] . With exchange parameters in mind the effective Hamiltonian is used to study the spin fluctuations in the system.
In the present paper we integrate out the fermions and obtain an effective Heisenberg hamiltonian of two spins, an analog of Heisenberg model of ferrimagnets [13] . The important difference is that in the present paper the two spin operators are at one and just the same lattice site. To study magnetic properties of the iron we bor-row technique of calculations utilized for ferrimagnetic systems [14, 15] .
We proceed studying field-cooled (FC) iron. The material is named field-cooled if, during its preparation, an external magnetic field is applied upon cooling [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . The experimental results show a notable difference of the magnetic properties of field-cooled (FC) ferrimagnetic spinel and normal one below Néel T N temperature.
FC systems possess an important state, partial order state. Magnetic state is a partial order state if only part of the electrons in the system give contribution to the magnetic order. It is studied in exactly solvable models [30] [31] [32] , by means of Green's function approach [14] or modified spin-wave theory of magnetism [15] and utilizing the Monte Carlo method [31] . Experimentally the partial order is observed in Gd 2 T i 2 O 7 [33] .
In the present paper we assume that the applied, during the preparation, magnetic field is along the magnetic order of localized 3d electrons, therefore antiparallel to the magnetic order of the itinerant sixth electron. The applied field decreases the Zeeman splitting of spin-up and spin-down sixth electrons . We consider the quantum partial order state when the Zeeman splitting is compensated and the sixth electrons do not contribute the magnetization of iron. The Hamiltonian of the spinfermion interaction of the sixth electrons, without Zeeman splitting, and transversal fluctuations (magnons) of the localized spins is obtained. We show that this interaction leads to the spin one antiparallel p-type superconductivity, and present the dependence of the gap on the parameters in the theory.
Because the preparation of the field cooled ferrimagnets is well established practice, we hope that there will be no problem in preparation of FC iron and verification of the superconductivity of the iron in the quantum partial order state.
Ferromagnetism and conductivity of F e 2+ iron The Hamiltonian of the 3d electrons of iron in F e 2+ state is
(1)
The spin operators S 
where (τ , between localized electrons (J l ) and the antiferromagnetic spin fermion exchange (J) . The parameter J is characteristic of intra-atom interaction, while J l features the exchange between two sites (two atoms). This is why J is much larger then J l . Sums are over all sites of a body centered cubic lattice.
To study the effects of hopping t and Coulomb repulsion U we represent the fermi operators c [34] , where the fermions have no spin but have charge 1 and -1 respectively, while bosons are charge-less with spin 1/2. In this representation Coulomb term is quadratic and one can study its impact exactly [35] . The spin operators of localized electrons S l i (a + j , a j ) are represented by means of Holstein-Primakoff representation where a + j , a j are Bose fields [36] .
Accounting for the quadratic terms of slave fermions
in Hamiltonian h 1 and h 4 we get the expression for the free Hamiltonian of the fermions
At half filling µ = U/2 and dispersions adopt the form
where k runs over the first Brillouin zone of a bcc lattice. An important characteristic of the sixth electrons is the zero temperature spontaneous magnetization of the electron
When in the ground state the lattice site is doubly occupied (< d 
We integrate out the slave fermions d and h to obtain the two-spin Hamiltonian of the effective theory of magnetism of iron
where
> d,h and the exchange constant J it is a positive sum of the exchange constant J it 0 (1) and exchange due to interaction of slave fermions and Schwinger-bosons. To proceed we use the technique of calculation implemented in the theory of ferrimagnetism: i) we represent S l i and M i by means of spin s = 5/2 and spin m < 1/2 Holstein-Primakoff formulae, ii) we keep only the quadratic terms in the Hamiltonian, and use the Bogoliubov transformation to diagonalize it. The final result for the effective Hamiltonian in terms of Bogoliubov bosons is [36] 
where E 
At zero temperature < α [36] .
The model (1) with five localized and one itinerant 3d electrons describes the magnetic and transport properties of F e 2+ iron. Quantum Partial Order and Superconductivity of Field-Cooled F e 2+ Iron. We continue examining a field-cooled iron. If, during the preparation, we apply magnetic field along the magnetic order of localized 3d electrons the magnetization of these electrons arrive at their saturation, while the Zeeman splitting of itinerants electron decreases. The nontrivial point is that this is true and after switching off the magnetic field when the process is over [16] [17] [18] [19] [20] [21] [22] [23] .
To account for the effect we include "frozen" magnetic field adding a term −H Then the dispersions of the slave fermions (d, h) adopted the form (4):
where s = 5/2. We consider a state prepared with applied magnetic field H = H c = U + sJ. The density of slave fermions n d = n h = 1/2, therefore the magnetic moment of itinerant electron is m = 0 (5). By means of this field one prepares a quantum partial order (QPO) state, when the itinerant sixth 3d electron does not contribute the magnetization of the system and magnetic order is formed by the five localized 3d electrons. In QPO state the itinerant electrons do not form transversal spin fluctuations, and we can represent them by means of creation and annihilation operators in Hamiltonian (1). The Hamiltonian of iron in QPO state is
where a i , a
are Bose operators from the HolsteinPrimakoff representation of spin operators of localized electrons (S l i ). In the spin-fermion interaction they are accounted for in linear approximation.
To study the superconductivity of iron, induced by spin fluctuations, we integrate out the bosons and obtain an effective four-fermion interaction. Then we proceed in the standard way to find the gap function equation. The classification for spin-triplet functions ∆ k = −∆ −k in the case of bcc lattice [37] inspires to look for a gap in the form with T 1u configuration
The equation for nonzero gap parameter ∆ is
is the fermion binding potential result of transversal spin fluctuations of the 3d localized electrons. To integrate over the wave vectors we have introduced two equivalent sublattices. The sublattices of bcc lattice are simple cubic, therefore the wave vectors k and p in equation (B18) run over the first Brillouin zone of a simple cubic lattice [36] . We have used that in QPO state, Hamiltonian (11), the dispersion of fermions is tε p (5). figure  (1) for different values of the parameter (J l /J). The figures show that superconductivity is suppressed when t/J and J l /J increase. It is important to repeat that J is intra-atomic exchange while t and J l are exchanges between atoms, hence J is much larger than t and J l . Therefore the small values of t/J and J l /J are physical relevant. The figures show that this is the case of the factual superconductivity.
The dimensionless gap/J (∆/J) as a function of dimensionless hoping parameter (t/J) is depicted in
Conclusion The present paper highlights the possibility featuring of new iron based superconductors. It is shown that field-cooled iron in quantum partial order state posses a spin triplet superconductivity with T 1u configuration. Below Curie temperature (T C ) Cooper pairing of fermions is induced by potential (B9) with long range behavior
when q → 0. Above Curie temperature the spin fluctuations open a gap and one has to replace the potential (B9) in gap equation (B18) by potential with low-momenta aproximation
The gap δ rapidly increases when temperature increases, which in turn suppresses superconductivity. This is why we think that there is no superconductivity above Curie temperature. A precise analyze of finite temperature properties of the superconductivity is possible after study of the finite temperature properties of ferromagnetic iron in quantum partial order state. The same mechanism can be applied in preparation of cobalt based superconductor. The cobalt in Co 2+ state have seven 3d electrons. One can consider five of them to be localized with ferromagnetic order and the other two itinerant 3d electrons are antiparallel to the localized ones. We expect two band superconductivity if the Zeeman splitting of the itinerant 3d electrons are equal or two sequencing superconducting states if they are not equal.
The superconductivity in the present paper is a result of compensation of Zeeman splitting of itinerant 3d electrons in iron prepared by means of applied external magnetic field upon a cooling. This reminds us of JaccarinoPeter compensation mechanism [38] . There is important difference. In the JP theory the superconductivity appears when the magnetic field is applied and disappears when the magnetic field is switched off. In the present theory the magnetic field is switched off when the preparation of field-cooled iron is over. We showed that prepared FC iron in QPO state possesses superconductivity.
The superconductivity of iron is a consequence of nontrivial separation of 3d electrons in F e 2+ state. It is due to Pauli principle and permits to prepare quantum partial order state which in turn is the fundament of superconductivity in FC iron.
The field-cooled F e 2+ iron, in quantum partial order state, is a candidate for new member of the huge family of iron based superconductors [39] [40] [41] [42] [43] [44] [45] [46] [47] . There is a theoretical point of view that F eS superconductors are at short distance from Mott transition [48, 49] .
Supplementary material to the manuscript "Partial order induced superconductivity in F e 2+ iron."
In the supplementary material we give a collection of equations which make the reading of the manuscript more easily. [34, 35] , where the fermions are spinless with charge 1 and -1 respectively, while bosons are charge-less with spin 1/2.
To solve the constraint (Eq.A2), one makes a change of variables, introducing Bose doublets ζ iσ and ζ
where the new fields satisfy the constraint ζ + iσ ζ iσ = 1. In terms of the new fields the spin vectors of the itinerant electrons have the form
When, in the ground state, the lattice site is empty, the operator identity h + i h i = 1 is true. When the lattice site is doubly occupied, d
Hence, when the lattice site is empty or doubly occupied the spin on this site is zero. When the lattice site is neither empty nor doubly occupied (h
identifies the local orientation of the spin of the itinerant sixth electron. The Hamiltonian of the itinerant electrons, h 1 in the paper, rewritten in terms of Bose fields and slave fermions, adopts the form
where in h int are included the four-fermion and fermionboson interactions.
Finally, we consider spin-fermion interaction, with Hamiltonian h 4 in the paper, written in terms of the Schwinger bosons and slave fermions
where n i is the unit vector (Eq.A5). We are interested in free fermion approximation of the Hamiltonian. We drop the spin fluctuations and represent the spin operator and unit vector in the form S l i = (0, 0, s), n i = (0, 0, −1), where antiferromagnetic order is accounted for. The contribution of h 4 to the free fermion Hamiltonian is
with s = 5/2 in our model. Collecting the above results one obtains the Hamiltonian for the free d and h fermions
Important characteristics of the itinerant electron are the density "n" and zero temperature spontaneous magnetization "m":
At half-filling n = 1, hence < h
To solve this equation, for all values of the parameters U and t, one sets the chemical potential µ = U/2. With this in mind, we arrive at final expression for free d and h fermions Hamiltonian
Calculation of magnetization "m"
In equation (A11) the sums are over all sites of a body centered cubic lattice. It is more convenient to introduce two equivalent sublattices A and B which are simple cubic lattices. The Hamiltonian (A11) adopts the form
, and the sums are over all sites of simple cubic lattice. In momentum space Hamiltonian reads
and k runs over the first Brillouin zone of a simple cubic lattice.
Simple rotations in (d
and the same in space of (h A , h B ) permit to rewrite the Hamiltonian in diagonal form
The two simple cubic sublattices of bcc lattice are equivalent, that is why the magnetization of electrons on sublattice A and B are equal m A = m B = m. Using the representation (A10) of magnetization, transformation (A15) of operators and dispersions (A17) we arrive at the following representation for m m = 1 2
Formula (A18) shows that m = 1/2 if /t > 8, and m approaches zero when /t decreases. Between these two values when /t = 1.78 the magnetization of the itinerant electrons per lattice site is m = 0.283, and the theoretical obtained total magnetization of iron, in units of µ B , matches the experimental one M = 2.217.
is nonnegative (E 
where the gap function of wave vector k are defined by the equations
The two sublattices are equivalent, therefore the Hamiltonian should be invariant under replacement A B. This is true if
We set ∆ in equation (B10) and by means of Bogoliubov transformation rewrite the Hamiltonian in a diagonal form
Bearing in mind Bogoliubov transformation we calculate
where T is the temperature. At zero temperature tanh
